ymphoedema is a swelling of the limb, trunk or other body segment which may occur when the normal functioning of the lymphatic system is interrupted or altered (Ryan et al 1986) . This interruption may occur following trauma, surgery or radiotherapy (secondary lymphoedema) or maybe due to a pre-existing congenital abnormality of the lymphatic structures themselves (primary lymphoedema). The retention of large proteins in the interstitial tissue causes fluid to be retained in this tissue by osmotic pressure, which may lead·to restriction of movement, impairment of joint function, interstitial fibrosis, pain and inflammatory cellulitis.
Prior to the commencement of this study by the Physiotherapy Department of Peter MacCallum Cancer Institute (PMC!), patients who suffered from lymphoedema were treated using an intermittent pneumatic compression pump (!PCP). Treatment sessions lasted up to six hours and were administered to the affected limb once or twice monthly at pressures of between 20 and.30 mmHg..Patientsdid not usually wear pressure garments, and reduction in affected limb circumference, if achieved, was rarely maintained. The swelling recurred by the next visit three to fOUf weeks later, or even within a few hours ofa treatment session. However, IPCP treatment did prevent progression of the condition and reduced the sensation ofheaviness and tightness.
Reports of a more effective form of treatment known as the Foldi Technique of Complex Physical Therapy (CPT) were noted (Foldi et al 1985) . The treatment involves the use oflymphatic drainage massage five days per week for four weeks, as well as compression bandaging using low stretch bandages, skin care, education and exercises. However this treatment is demanding of time, for both physiotherapists and patients. Some patients, for medical reasons or because of physical disabilities, cannot attend daily for treatment, nor manage activities of daily living whilst wearing bandages. For these reasons,aless intensive modified version of the treatment was devised. It was envisaged that this method may not be as effective as the full treatment program, but might offer some relief to those patients with the extra disabilities. The aim of the clinical study reported was to assess the effectiveness of both the FoldiTechnique ofComplex Physical Therapy (Full Program) To be eligible to participate in the study, patients were required to be suffering from lymphoedema of a limb, to have undertaken a medical check-up and to have no medical contraindication to the proposed treatment. If suffering from cancer, patients had to be deemed to have controlled disease. All patients had to be willing and able to comply with the requirements that they attend for the ,necessary number of treatments and reviews and that they wear the prescribed pressure garmentsona 24-hour basis for a period ofat least two years. All patients gave written informed consent. Institutional Ethics Committee approval for the study was obtained.
The characteristics of patients entered on the Full and Modified
Programs are shown in Table 1 . The male patient suffered from lymphoedema of the ankle of unknown aetiology, possibly iatrogenic, characterised by minimal swelling but severe and debilitating attacks of cellulitis. Fifteen patients had been treated on the IPCP but the lymphoedema had not been reduced in the long term by this measure.
Treatment
Both the Full Program and the Modified.Program involved the use of lymphatic drainage massage (LDM), compression, skin care, exercises and education. Lymphatic drainage massage is a technique in which, prior to massage of the affected limb, the adjacent quadrants of the trunk are massaged to encourage lymph flow through collateral pathways. The limb itself is then massaged from its proximal aspect to its distal aspect (Casley-Smith 1992) .
Skin care consisted of cleansing and moisturising with products of pH 5-6 to maintain the protective acid mantle of the skin. It was considered to be important in· order to avoid secondary problems common to lymphoedema sufferers, as the protein-rich x 100%.
The temporary pressure garments were prescribed according to the manufacturers' sizing charts, and the sizing was reassessed at each massage session to ensure maintenance of adequate compression. All patients were treated as out-patients and were required to continue wearing pressure garments after the completion of the treatment program. Patients were followed up one and three months post treatment then quarterly thereafter for at least one year.
Assessment
The circumferences of a study patient's limb were measured at right angles to the limb at fixed points along the limb, using a marking board. At .each visit during treatment, and subsequently, the limb was marked and measured using a fibreglass measuring tape at the same fixed points, usually 10cm intervals. Measurements of the limb circumference were taken before and after each intervention (ie massage or exercise session). The same tape was used at all times and it was checked against a rigid ruler to ensure that stretching had not occurred. A uniform measurement technique was applied and in most instances the same operator measured the patient at each visit. Measurements were made without prior reference to previous results but they were then checked against previous results to detect gross errors before the patient left. The contralateral limb was measured at the initial visit for all patients but it was not initially planned to be measured at subsequent visits. However, as the study progressed it became obvious that the contralateral limb could vary significandy in some patients. From December 1990 onwards, both limbs were measured before and after each intervention (massage/exercise session). By this time the first 10 patients (five Full, five Modified) had received their initial treatment and were on regular review while continuing to wear pressure garments.
Water displacement volume measurements were not used, due to time restrictions (Casley-Smith 1994 , Stranden 1981 ). Adjustments for right or left handedness were not made (Godal and Swedborg 1982) . All patients were asked to complete a questionnaire on their opinions of the treatment.
Statistical methods
The primary null hypothesis was that there was no difference in reduction in lymphoedema between the Full and Modified Programs. The reduction in lymphoedema was calculated by reference to the contralateral limb (unaffected) in each patient. The results of the treatment program were calculated as follows: Using the measurements at the beginning of each visit{ie before massage), the circumferences at each marked point on the affected limb were summed. The sum of the circumferences at each visit following the commencement of treatment ("Post") was compared with the sum of the circumferences at the visit prior to commencing treatment ("Initial"). The initial percentage degree of enlargement was estimated as:
. contralateral x.1 00%.
Initialcontralateral
The simplest estimate of the effect of treatment was the percentage reduction in sum of the circumferential measurements of the affected limb at "each visit (Statistic 1):
affected. X 100%. Inicialaffected A more·sensitive statistic was the percentage reduction in lymphoedema at each visit (Statistic 2), where the amount of lymphoedema was assumed to be represented by the difference between the sum· of the circumferences of the affected limb and the sum of the circumferences of the contralateral limb at the initial visit: I I) x 100%. a ecte .. . contra atera Statistic 3 required measurements on both limbs to be taken at each visit. These measurements were not done in the early part of the study, so this statistic was not available on all occasions. Also, in two patients, the contralateral limb was abnormal in some way so that only Statistic 1 was meaningful. One of these patients had a deformed contralateral arm and the other suffered from partial bilateral lymphoedema. The statistics were calculated for each visit up to October 12, 1993. The results presented in this paper are the statistics at the end of the course of treatment (usually four weeks) and at 13 weeks, 26 weeks and 52 weeks after commencing treatment. The statistics at the last three time points were calculated· by interpolating between the results obtained at visits before and after each time point.
Statistic 2 was used to compare the results for patients grouped by treatment program or by initial enlargement because Statistic 3 was not available for the early part of the study. Differences between· the groups were tested using the Wilcoxon rank sum test, two-tailed (Dixon 1993). Because comparisons were done at each of four time points, the criterion for statistical significance was specified as P < 0.013 (= 0.05/4).
Results
The initial degree of enlargement.of the affected limb was calculated for 23 patients; the two remaining patients had abnormal contralateral limbs. The median ·degree of enlargement was 12.5 percent (range 10. Table 2 Table 2 ).
Patients with less than 12 per cent initial enlargement achieved greater percentage reductions in lymphoedema than patients with 12 per cent or greater initial enlargement but, because of the small numbers of patients, the differences between the groups were not statistically significant (Table 3) .
Four patients on the Full Program and four on the Modified Program were re-treated using the Modified regime after a 12-month interval.. For seven of these patients, the mean percentage reduction in lymphoedema over the second course of treatment (Statistic 2) was 16 (7) per cent. (The eighth patient had an abnormal contralateral limb, hence Statistic 2 could not be calculated.) Two Full Program patients had a third course of treatment using the Full regime and their mean percentage reduction in lymphoedema over the course (Statistic 2) was 19 (12) per cent.
Fifteen patients (60 per cent) responded to the questionnaire about their treatment program. AllIS regarded it as beneficial because of the reduced size of the limb. Other benefits cited were reduction in weight of the limb (12 patients), improvement in use of the limb (10) and reduction in pain in the limb (9). None of the patients regretted going on the program although two had some negative comments about the pressure garments, specifically heat retention and difficulty in performing certain tasks while wearing them. Some patients commented about improved morale and confidence on completion of their treatment program.
Both the Full and Modified Programs were much more time consuming for staff in the short term than the preexisting regimen of IPCP treatment only. The Full Program required 20 treatment sessions of 1.5 hours each (total 30 hours) and the Modified Program required 9 sessions of 1.5 hours each (total 13.5 hours), whereas the pump treatment required 45 minutes of staff time per session (monthly, usually over many years). The Full and Modified Programs, on the other hand, were normally given only once to each patient.
Discussion
Both treatment programs resulted in large reductions in lymphoedema which were maintained or improved after completion of the series of garments. Bandaging maybe necessary in·certain cases where limb proportions are initially inappropriate for the use of standard garments. The current treatment also includes the teaching of patients and family members or carers appropriate aspects of massage, exercises and skin care, supported by educative materials, to maximise self management. A short course of massage, education and exercise is administered over a period oftwo to four weeks requiring four to eight hours per patient.
Conclusion
The Full and Modified CPT Programs are extremely effective conservative methods of managing and treating lymphoedema. Certain elements, ie compression using bandages or pressure garments, appear to be·the most effective modalities in reducing the swelling. The Modified Program provides an effective and manageable treatment program which is more likely to be achievable than the Full Program with the staff resources of most treating hospitals and establishments.
0.11 0.065 patients who had received no previous pump treatment. This result would not be expected if there were a fibrotic cuff which was impairing the lymph flow at the top of the arm.
Although the new programs are initially more intensive and time consuming, they do .allow patients to be discharged· within months of referral. The pre-existing.pump treatment program had a high patient retention rate so that, whilst less time consuming in the short term,patients became dependent on thẽ physiotherapist for their long-term management.
If the compression element of the CPT programs is as significant as the results of this study imply, it may be possible to achieve reductions in limb circumference with.even fewer treatment sessions, provided the compression is maintained between sessions. Reduction in lymphoedema by compression garment alone was noted by Swedborg (1984 ./·~«lZ~Yl)~U~) 0.085 treatment massage sessions. We attribute the continued improvement largely to the maintenance of serially effective, fairly strong compression on a 24-hour basis. Firm pressure garments or bandages were prescribed for day wear whilst a lighter grade of pressure ,garment was usually prescribed for night wear. The compression appeared to reduce swelling between treannents, rather than merely maintain reductions achieved by the other treatment modalities. At follow-up reviews, deterioration was often noticed when garments began to lose their strength. When garments were renewed, this deterioration was rapidly reversed. It has been claimed that long term use of intermittent compression pumps causes a fibrotic cuffaround the upper arm {Casley-Smith 1992) and may eventually cause exacerbation of the condition. This view, whilst not substantiated by research, has a number of proponents. No clear clinical evidence of this phenomenon has been noted in PMCI patients, but it has been noted that pump treatment does become less effective overtime. This maybe a manifestation of the same phenomenon. However, reductions in swelling achieved in the study with patients who had received previous extended pump treatment were similar to those achieved by ""Nq. p'atient~
